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(57) ABSTRACT

A wireless localization method using a fingerprinting tech-
nique that performs localization by using a plurality of access
points and a plurality of sample points arranged at regular
distances, the wireless localization method includes: detect-
ing first through third sample points adjacent to a predeter-
mined node from among the plurality of sample points via the
fingerprinting technique; calculating corrected coordinates
by using a received signal strength (RSS) between the prede-
termined node and the first sample point, an RSS value
between the predetermined node and the second sample
point, an RSS value between the first and second sample
points, an RSS value between the first and third sample
points, and a distance between the plurality of sample points;
and estimating a location of the predetermined node by
reflecting the corrected coordinates on coordinates of the first
sample point.

11 Claims, 6 Drawing Sheets
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WIRELESS LOCALIZATION METHOD AND
WIRELESS LOCALIZATION APPARATUS
USING FINGERPRINTING TECHNIQUE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0122330, filed on Oct. 31, 2012, and
Korean Patent Application No. 10-2012-0137717, filed on
Nov. 30, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless localization
method and a wireless localization apparatus, which use a
fingerprinting technique, and more particularly, to a wireless
localization method and a wireless localization apparatus,
which use a fingerprinting technique, wherein a location of a
predetermined node is estimated by using a received signal
strength (RSS)-based fingerprinting wireless localization
technique, and a frequency is assigned according to regions
by using the estimated location.

2. Description of the Related Art

Wireless localization technologies and various applica-
tions for providing a location-based service (LBS) are being
developed according to a rapid increase of smart phone users
and innovative development of mobile communication tech-
nologies. Examples of such a technology for providing loca-
tion information include a global positioning system (GPS)
using a satellite network, and a mobile communication net-
work based wide area wireless localization technology.
Recently, studies on wireless localization techniques using a
wireless local area network (WLAN), ZigBee, or Bluetooth
indoor and outdoor are being actively performed.

Specifically, it is important to provide location information
in real-time by using wireless localization, even in a machine-
to-machine (M2M) communication providing various types
of information about a person and an object as a machine and
an information technology (IT) are combined together. Fac-
tories are gradually turning to intelligent autonomous produc-
tion. Managers of such factories are aiming at recognizing
and managing operation states, locations, and environments
of' machines in the factories by using the M2M communica-
tion and the wireless localization technology. However,
WLAN, Bluetooth, and ZigBee usable in M2M factories
share industrial scientific medical (ISM) bands, and thus fre-
quency interference may be generated between machines.
Moreover, performance may be deteriorated, such as quality
deterioration and delay, due to communication inability or
communication error caused by the frequency interference.

Techniques for efficiently managing signal frequency
interference generated in the M2M communication as such
need to be studied. Examples of a conventional method of
managing frequency interference include a cognitive radio
method, a power control method, and a beamforming method.

First, according to the cognitive radio method, if a primary
user assigned with a certain frequency does not use the certain
frequency, a secondary user may use the certain frequency
without interfering with the primary user. Accordingly, an
empty frequency band may be suitably used to prevent fre-
quency resource scarcity, and since a frequency resource
limited by a situation cognitive ability may be reused accord-
ing to time, space, and region, frequencies may be efficiently
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managed while avoiding interference. Also, since the cogni-
tive radio method may actively react to given environments, a
best quality of service in the given environment may be guar-
anteed to a user using a cognitive radio system, and thus the
cognitive radio method is getting the limelight in recent next-
generation wireless communication fields. However, com-
plexity of the cognitive radio method may be remarkably
increased when all frequency bands are detected without
omission for frequency interference management and an
empty frequency band is used.

The power control method is a simplest method for sup-
pressing frequency interference, wherein transmission power
is adjusted such that a signal is transmitted at minimum trans-
mission power that satisfies required communication quality.
The power control method is currently used in most wireless
communication systems, specifically to prevent interference
between cells in a mobile communication system.

The beamforming method uses a smart antenna, wherein a
beam of an antenna is steered only to a corresponding termi-
nal. Here, a radiation pattern of the smart antenna is prepared
by forming beams in a direction of a mobile terminal or a
target and removing a beam pattern of the target or the mobile
terminal that is not desired or is in the way. However, such
conventional methods have low economic efficiency since
they are widely used in cellular network environments, have
massive throughputs, and need a separate apparatus aside
from an M2M apparatus used in indoor factories.

Thus, frequency interference may be efficiently managed
by improving wireless localization performance when a fin-
gerprinting technique that is recently getting the spotlight as
an indoor wireless localization technology is applied to the
frequency managing technique. A background technology of
the present invention is disclosed in KR2011-0116565.

SUMMARY OF THE INVENTION

The present invention provides a wireless localization
method and a wireless localization apparatus, which use a
fingerprinting technique that estimates a location of a prede-
termined node by using a fingerprinting wireless localization
technique and assigns a frequency according to regions by
using the estimated location.

According to an aspect of the present invention, there is
provided a wireless localization method using a fingerprint-
ing technique that performs localization by using a plurality
of'access points and a plurality of sample points arranged at
regular distances, the wireless localization method including:
detecting first through third sample points adjacent to a pre-
determined node from among the plurality of sample points
via the fingerprinting technique; calculating corrected coor-
dinates by using a received signal strength (RSS) between the
predetermined node and the first sample point, an RSS value
between the predetermined node and the second sample
point, an RSS value between the first and second sample
points, an RSS value between the first and third sample
points, and a distance between the plurality of sample points;
and estimating a location of the predetermined node by
reflecting the corrected coordinates on coordinates of the first
sample point.

The wireless localization method may further include
assigning a frequency corresponding to the estimated loca-
tion with respect to the predetermined node.

The calculating of the corrected coordinates may include:
estimating an RSS, value and an RSS, value respectively
corresponding to location difference values of the predeter-
mined node in an x-axis and an y-axis with respect to a
location of the first sample point, by using the RSS value
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between the predetermined node and the first sample point,
the RSS value between the predetermined node and the sec-
ond sample point, and the RSS value between the first and
second sample points; and calculating an x-axis corrected
coordinate X by reflecting the distance between the plurality
of' sample points to a ratio of the RSS, value to the RSS value
between the first and second sample points, and calculating an
y-axis corrected coordinate ¥ by reflecting the distance
between the plurality of sample points to a ratio of the RSS,
value to the RSS value between the first and third sample
points.

The estimated RSS, and RSS, values may be defined
according to equations below:

RSSE, + RSSE, — RSSE,

RSS, =
* 2RSScp

and

RSS, = \/ RSS3, — RSSZ ,

wherein RSS ., denotes the RSS value between the first
and second sample points, RSS,,,, denotes the RSS value
between the predetermined node and the first sample point,
and RSS -, ,denotes the RSS value between the predetermined
node and the second sample point.

The x-axis corrected coordinates X and the y-axis corrected
coordinates ¥ may be calculated according to equations
below:

RSS,
RSScp

RSS,

r= Y= RS

wherein RSS;,, denotes the RSS value between the first
and third sample points and d denotes the distance between
the plurality of sample points.

The location of the predetermined node may be estimated
according to an equation below:

U =D(xp,yp)=X.$)

wherein U denotes the estimated location of the predeter-
mined node, D(x,,,y,) denotes a location of the first sample
point, and = is individually applied as + or — with respect to
the x-axis corrected coordinate X and the y-axis corrected
coordinate ¥, according to a relative location of the predeter-
mined node with respect to the first through third sample
points.

According to another aspect of the present invention, there
is provided a wireless localization apparatus using a finger-
printing technique that performs localization by using a plu-
rality of access points and a plurality of sample points
arranged at regular distances, the wireless localization appa-
ratus including: a sample point detector for detecting first
through third sample points adjacent to a predetermined node
from among the plurality of sample points via the fingerprint-
ing technique; a corrected coordinate calculator for calculat-
ing corrected coordinates by using a received signal strength
(RSS) between the predetermined node and the first sample
point, an RSS value between the predetermined node and the
second sample point, an RSS value between the first and
second sample points, an RSS value between the first and
third sample points, and a distance between the plurality of
sample points; and a location estimator for estimating a loca-
tion of the predetermined node by reflecting the corrected
coordinates on coordinates of the first sample point.
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4

The wireless localization apparatus may further include a
frequency assigner for assigning a frequency corresponding
to the estimated location with respect to the predetermined
node.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIGS. 1A and 1B are diagrams for describing a general
fingerprinting wireless localization technique applied to one
or more embodiment of the present invention;

FIGS. 2A and 2B are diagrams for describing a general
technique for improving fingerprinting precision;

FIG. 3 is a block diagram of a wireless localization appa-
ratus using a fingerprinting technique, according to an
embodiment of the present invention;

FIG. 4 is a flowchart illustrating a wireless localization
method using the wireless localization apparatus of FIG. 3;

FIG. 5 is a diagram for describing operations S410 through
S430 of F1G. 4;

FIG. 6 is a graph of an amount of data bases according to
distances between sample points, according to an embodi-
ment of the present invention;

FIG. 7 is a graph of a mean distance error performance
according to distances between sample points, according to
an embodiment of the present invention; and

FIG. 8 is a graph of channel interference ratio according to
distances between sample points, according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, one or more embodiments of the present
invention will be described in detail with reference to accom-
panying drawings to be easily executed by one of ordinary
skill in the art.

The present invention is about a wireless localization
method and a wireless localization apparatus, which use a
fingerprinting technique. According to the present invention,
for efficient frequency interference management in machine-
to-machine (M2M) communication environments in intelli-
gent factories, a location of a predetermined node is estimated
by using a received signal strength (RSS)-based fingerprint-
ing wireless localization technique, and a frequency is
assigned according to the estimated location. Consequently,
errors generated due to a mutual interference between wire-
less devices in a factory where frequencies are mixed may be
reduced, and frequencies may be efficiently managed.

FIGS. 1A and 1B are diagrams for describing a general
fingerprinting wireless localization technique applied to one
or more embodiment of the present invention. Referring to
FIG. 1A, aquadrangular region having a size 0f 100 mx100 m
(100 m?) is formed by four access points AP#1 through AP#4,
and a plurality of sample points (not shown) are arranged in
the quadrangular region in a matrix form at regular intervals
(forexample, several meters). A fingerprinting technique per-
forms localization by using the access points AP#1 through
AP#4 and the sample points. Here, a point % corresponds to
a location of a predetermined node to be localized. The qua-
drangular region formed by the access points AP#1 through
AP#4 is divided into four regions, and each region is again
divided into four sub-regions. The four sub-regions are
regions for frequency assignment, and are distinguished by A,
B, C,and D.



US 9,179,331 B2

5

The fingerprinting technique is a method of estimating a
location according to probabilistic modeling, wherein infor-
mation about noise and surrounding environment is first
stored in a database (DB), and a location of a terminal is
estimated by using the information. The fingerprinting tech-
nique includes total two operations, i.e., an offline operation
and an online operation.

In the offline operation, a DB is built by measuring RSS
values according to the sample points in a given environment
via an area search. Referring to FIG. 1B, a DB is built for m
sample points by obtaining RSS values between the m sample
points and the access points AP#1 through AP#4, as RSS
vector values. Coordinates of sample points are shown as
(X,,Y,) through (X,,.,Y,,,)-

In the online operation, the RSS value of a signal transmit-
ted from each of the access points AP#1 through AP#4 to the
predetermined node (at the location indicated by the star) is
measured as a fingerprinting vector value, and the RSS vector
value measured as such and a RSS vector value at each sample
point stored in the DB are compared so as to estimate a
location of a sample point having a minimum FEuclidean
distance as the location of the predetermine node.

Here, a pass loss model for obtaining the RSS value is
represented by Equation 1 below.

d [Equation 1]
P,[dBm] = P, [dBm] + K[dB] — 10n10g10(dT] +¥
o

Here, P, denotes an RSS, P, denotes a transmitted signal
strength, K denotes a constant according to an environment,
d, denotes a reference distance (predetermined to be 1 m), 1
denotes a pass loss coefficient, and 1) denotes a fading effect.

Also, the location of the predetermined node may be esti-
mated by using an Euclidean distance according to Equation
2 below.

y= argmin{\/ (DB; — Unknown)? } (Equation 2]
i=L,... N

Here, ¥ denotes the estimated location, N denotes the num-
ber of sample points, DB, denotes an RSS vector value at each
sample point obtained in the offline operation, and Unknown
denotes an RSS vector value of the predetermined node
whose location is to be determined. The fingerprinting tech-
nique described above is a well-known technology, and thus
details thereof are omitted herein.

A process of assigning a frequency according to the esti-
mated location is performed as follows. Here, it is assumed
that a wireless local area network (WLAN) like the IEEE
802.11b standard is used for M2M wireless communication.
At this time, 12 channels from total 14 channels available in
the IEEE 802.11b standard may be assigned to each sub-
region of FIG. 1A as shown in Table 1 (channel assignment
plan according to sub-regions) below by using the location
estimated during the general fingerprinting wireless location
technique described above. Also, by using such a channel
assignment plan, a frequency is assigned to the estimated
location as shown in FIG. 1A. The sub-regions for assigning
frequencies are classified into A, B, C, and D.
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TABLE 1
Sub-region WLAN Available Channel
A 1 2 3
B 4 5 6
C 7 8 9
D 10 11 12

However, according to such a frequency interference man-
agement technique, frequency interference may occur
between nodes if the estimated location is different from an
actual location due to a wireless localization error.

Also, according to the fingerprinting wireless localization
technique, since the DB is newly searched whenever a loca-
tion is estimated, complexity of a system increases as an
amount of DB is increased. Here, if the number of sample
points is decreased to reduce the complexity of the system, a
nearest sample point is estimated as the location of the pre-
determined node, and thus not only a localization error is
increased, but also frequency interference is increased.
Accordingly, in the current embodiment, performance of fre-
quency interference is measured by applying a technique for
improving finger printing precision.

Generally, a K-NN algorithm is used as the technique for
improving fingerprinting precision. In the K-NN algorithm, k
pieces of learning data near new data may be determined
through a Euclidean distance between the learning data and
the new data. Accordingly, not only coordinates of one
sample point is determined by using the K-NN algorithm, but
also the location of predetermined node may be determined
by using the k sample points. For example, if k=3, the location
may be determined to be an average value of coordinates of
three sample points.

FIGS. 2A and 2B are diagrams for describing a general
technique for improving fingerprinting precision. Here,
sample points A through D are near a predetermined node U
% (node to be localized), and the predetermined node U %
always exists within the four sample points A through D. Of
course, if the predetermined node U % moves, the predeter-
mined node U % may exist other four sample points. Here, it
is assumed that when intervals between the predetermined
node U % and each of the sample points A through D are
calculated according to Fuclidean distances, the intervals are
in an order of D<C<B<A.

Here, in the general technique shown in FIG. 2A, since a
DB only includes coordinates of one sample point, the pre-
determined node U ¥ is estimated to be located at the sample
point D nearest to the predetermined node U %, which is
1-NN.

However, a 3-NN average technique shown in FIG. 2B
considers three sample points B, C, and D near the predeter-
mined node U %, and an estimated location U ¥ of the
predetermined node U % is calculated to be average coordi-
nates of the three sample points B, C, and D according to
Equation 3 below.

~ D(xp, yp) + Clxc, yc) + Bxp, yp) [Equation 3]
Ulxgs yg) = 3

It may be expected that a localization error may be proba-
bilistically reduced in FIG. 2B compared to FIG. 2A. How-
ever, since the 3-NN average technique also estimates that a
predetermined node is always in middle (average location) of
three sample points, it is still difficult to provide a highly
precise location. For example, when a predetermined node
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exists in a lower right region from among four regions in FIG.
2B, and a location of the predetermined node is estimated by
using Equation 3, the location is always estimated to be a
middle of three sample points. Thus, a direction to which the
predetermined node moves in the lower right region, i.e.,
directivity of the predetermined node cannot be determined at
all.

Accordingly, the present embodiment uses a localization
method using a ratio of RSS values of sample points unlike
FIGS. 2A and 2B.

FIG. 3 is a block diagram of a wireless localization appa-
ratus 100 using a fingerprinting technique, according to an
embodiment of the present invention. The wireless localiza-
tion apparatus 100 includes a sample point detector 110, a
corrected coordinate calculator 120, a location estimator 130,
and a frequency assigner 140. The wireless localization appa-
ratus 100 according to the current embodiment uses an RSS-
based fingerprinting technique that performs localization by
using a plurality of access points and a plurality of sample
points that are arranged at regular intervals.

The sample point detector 110 detects first through third
sample points in an order nearest to a predetermined node,
from among a plurality of sample points, via a fingerprinting
technique.

The corrected coordinate calculator 120 calculates cor-
rected coordinates by using an RSS value between the prede-
termined node and the first sample point, an RSS value
between the predetermined node and the second sample
point, an RSS value between the first and second sample
points, an RSS value between the first and third sample
points, and a distance between the sample points.

The location estimator 130 estimates a location of the
predetermined node by reflecting the corrected coordinates
on coordinates of the first sample point.

The frequency assigner 140 assigns a frequency corre-
sponding to the estimated location to the predetermined node.
In other words, the corresponding frequency is assigned to a
region where the predetermined node is located. Accordingly,
frequency assignment information is pre-stored according to
regions. Since a frequency is assigned by using a well-known
method, details thereof are omitted herein.

FIG. 4 is a flowchart illustrating a wireless localization
method using the wireless localization apparatus 100 of FI1G.
3, and FIG. 5 is a diagram for describing operations S410
through S430 of FIG. 4.

In FIG. 5, as described above with reference to FIGS. 2A
and 2B, it is assumed that a predetermined node U (%) to be
localized exists in a quadrangular region formed by sample
points A through D, and that RSS values between the sample
points A through D and the predetermined node U are pre-
calculated. Also, as described above, three sample points
nearest to the predetermined node U are selected by using a
3-NN average technique, and a location of the predetermined
node U is estimated based on each RSS vector value.

The current embodiment of the present invention will now
be described in detail with reference to FIGS. 4 and 5.

First, the sample point detector 110 detects the first through
third sample points D, C, and B in an order nearest to the
predetermined node U, from among the plurality of sample
points A through D in FIG. 5 via the fingerprinting technique,
in operation S410. Accordingly, the first sample point D, the
second sample point C, and the third sample point B are
detected in the order nearest to the predetermined node U.

Then, the corrected coordinate calculator 120 calculates
corrected coordinates in operation S420 by using an RSS
value RSS,,,, between the predetermined node and the first
sample point D, an RSS value RSS ., between the predeter-
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mined node U and the second sample point C, an RSS value
RSS.,, between the first sample point D and the second
sample point C, an RSS value RSS;,, between the first sample
point D and the third sample point B, and a distance d between
the sample points A through D. Here, since the sample points
A through D are arranged at regular intervals, for example, 1
m, the distance d has a uniform value.

Operation S420 will now be described in detail.

In FIG. 5, relationships between the sample points A
through D and between the predetermined node U and the
sample points A through D are illustrated in terms of RSS
instead of a distance because although RSS generally shows
a nonlinear characteristic according to distances, the RSS
shows a relatively linear characteristic within a certain dis-
tance, for example, 10 m. In other words, in the current
embodiment, a concept of RSS is applied for wireless local-
ization of the predetermined node U since signal strength has
a linear characteristic according to distances within a certain
range.

First, in order to obtain coordinates of the predetermined
node U, an RSS value of a sample point nearest to the prede-
termined node U, i.e., the first sample point D is calculated. In
other words, an RSS, value and an RSS value of FIG. 5 are
estimated. Here, the RSS, value is an RSS value correspond-
ing to a location difference value of the predetermined node U
in an x-axis direction with respect to the location of the first
sample point D. The RSS  value is an RSS value correspond-
ing to a location difference value of the predetermined node U
in a y-axis direction with respect to the first sample point D.

In order to estimate the RSS, value and the RSS, value,
Equations 4 and 5 below are pre-defined. Equations 4 and 5
are obtained by applying the Pythagoras theorem on two
triangles shown in FIG. 5.

RSS,’+RSS,*=RSS,,” [Equation 4]

Here, RSS,,;,denotes the RSS value between the predeter-
mined node U and the first sample point D.

RSS,’+(RSS¢p-RSS,*=RSS 1/

Here, RSS.,, denotes the RSS value between the first
sample point D and the second sample point C, and RSS .,
denotes the RSS value between the predetermined node U and
the second sample point C.

The RSS, value and the RSS, value may be calculated
according to Equations 6 and 7 based on the above two
quadratic simultaneous equations.

[Equation 5]

RSSZp + RSS3, — RSSEy [Equation 6]

2RSSco

RSS, =/ RSS3, — RSS2

RSS; =

[Equation 7]

The RSS values obtained as such are converted to a meter
unit that is a scale of actual coordinates after being divided by
aRSS value of each coordinate plane, as shown in Equation 8
below.

RSS,
RSScp

RSS,
~ RSSp

[Equation 8]

x=

As shown in Equation 8, when a ratio of the RSS_ value to
the RSS.,, value that is the RSS value between the first
sample point D and the second sample point C is obtained and
then the distance d between the sample points A through D,
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for example, 1 m, is reflected to the ratio, an x-axis corrected
coordinate X may be calculated. In other words, the corrected
coordinates X is converted to an actual meter unit by dividing
the RSS, value according to Equation 6 by the RSS ., value
and then multiplying the result by the distance d.

Also, when a ratio of the RSS, value to the RSS;,, value
that is the RSS value between the first sample point D and the
third sample point B is obtained and then the distance d
between the sample points A through D is reflected to the
ratio, a y-axis corrected coordinate ¥ may be calculated. In
other words, the corrected coordinates ¥ is converted to an
actual meter unit by dividing the RSS, value according to
Equation 6 by the RSSy,, value and then multiplying the
result by the distance d.

After calculating the corrected coordinates (X,¥) as above,
a location of the predetermined node U is estimated. In other
words, the location estimator 130 estimates the location of the
predetermined node U in operation S430 by reflecting the
corrected coordinates (X,9) to coordinates D(Xp,v5) of the
first sample point D nearest to the predetermined node U, as
represented by Equation 9 below.

U =D(xp,yp)=X.$)

Here, U denotes an estimated location of the predetermined
node U, and + is individually applied according to + or — to the
x-axis corrected coordinate X and the y-axis corrected coor-
dinate ¥ according to a relative location of the predetermined
node U with respect to the first through third sample points D,
C, and B.

Referring to FIG. 5, an estimated x-coordinate value of the
predetermined node U is calculated by subtracting (-)x from
an X, value, and an estimated y-coordinate value is calculated
by adding (+)¥ to a y, value. In other words, in Equation 9, =
is adaptively used according to the locations of the predeter-
mined node U and first through third sample points D, C, and
B.

Then, the frequency assigner 140 assigns a frequency cor-
responding to the estimated location U to the predetermined
node U, in operation S440. The assigning of frequency has
been described above with reference to FIG. 1.

According to the current embodiment described above,
since a localization technique using an RSS vector value ratio
of sample points is used, the location of the predetermined
node U may be highly precisely estimated compared to the
general technique described with reference to FIGS. 2A and
2B, and directivity of the predetermined node U if the prede-
termined node U moves may be precisely estimated.

Following simulation performance evaluations support
that highly precise localization performance is obtained via
the technique according to the current embodiment compared
to other techniques. Simulation environments for the current
embodiment are as follows.

Simulations using matrix laboratory (MATLAB) are per-
formed so as to evaluate performances of frequency interfer-
ence management using various fingerprinting algorithms. A
mean distance error (MDE) and a channel interference ratio,
which are generated during wireless localization according to
distances between sample points, are used as performance
indexes.

For the simulations, a square space of 100 m* as shown in
FIG. 1A is used, and an RSS is measured by using Equation
1 while changing a distance between sample points to be
stored in a DB from 1 mto 10 m by 1 m.

Here, a reference distance (d, of Equation 1) of RSS is set
to be 1 m, and a pass loss coefficient (q of Equation 1) is set to
be 2. Four access points are used as in FIG. 1A, wherein
coordinates of the access points are respectively (0,100),

[Equation 9]
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(100,100), (0,0), and (100,0). One access point is divided into
four regions, wherein each region has a square shape having
a size of 25 m?. Here, it is assumed that one channel is used
per region, and channel interference occurs when a predeter-
mined node is determined to be in a wrong region due to a
location estimation error. The predetermined node to be local-
ized is randomly located, and overall processes of estimating
a location via wireless localization are performed 50,000
times.

Results of the simulations are as follows.

First, a number of sample points according to distances
between sample points is described. As described above,
since an amount of DBs according to distances between
sample points affects a throughput of a system, the number of
sample points according to the distances between sample
points is first calculated.

FIG. 6 is a graph of an amount of data bases according to
sample point distances, according to an embodiment of the
present invention. As shown in FIG. 6, when the distance
between the sample points is 1 m, 10,000 sample points are
needed, and thus complexity of DB is increased. However,
when the distance is 2 m or more, the number of sample points
is remarkably reduced, and thus a DB may be efficiently built
compared to when the distance is 1 m. However, when loca-
tion coordinates stored in the DB is less, a wireless localiza-
tion error increases as the distance is increased. Thus, a suit-
able distance between sample points is required.

Then, MDEs according to the distances are compared.

Equation 10 below is used to calculate an MDE that is a
performance evaluation scale for all considered wireless
localization techniques, and shows an average of location
differences between actual locations (x,y) of M predeter-
mined nodes and estimated locations (X.§) of the M predeter-
mined nodes. For reference, the estimated location (X,¥) of
Equation 10 is different from the corrected coordinates (X,9)
of Equation 7, and denotes a finally estimated location as in
Equation 9.

[Equation 10]

@ —x) + i -3’

FIG. 7 is a graph of an MDE performance according to
distances between sample points, according to an embodi-
ment of the present invention. In FIG. 7, ‘Conventional” and
‘3-NN Average’ respectively denote cases when the tech-
niques of FIGS. 2A and 2B are used.

Overall MDE performances of all techniques are deterio-
rated as the distance is increased. However, in the proposed
technique of the current embodiment (denoted by “Pro-
posed”), the MDE performance is improved by 0.1 m and 1 m
or above respectively in the distances 1 m and 10 m compared
to the general techniques (denoted by “Conventional”). This
may be because in the general technique, the location of the
predetermined node is estimated to be the location of the
sample point nearest to the RSS value of the predetermined
node, whereas in the proposed technique, generation of an
error is efficiently reduced by using the three sample points.

Specifically, when the distance is 10 m, a localization error
may be increased since the amount of DB is less, but the
throughput of the DB may be reduced since the DME perfor-
mance of the proposed technique in 10 m is almost the same
as the DME performance of the general techniques in 7 m. As
a result, the location may be accurately estimated with the
lesser amount of DB in the current embodiment compared to
the general techniques.
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Also, even when the distance is 2 m to 4 m where localiza-
tion precision is high, the MDE performance of the proposed
technique in 4 m is almost the same as the MDE performance
of the general techniques in 2 m. Accordingly, in the current
embodiment, the location may be more precisely estimated
by using the lesser number of sample points in the current
embodiment since the distance between the sample points
may be increased. Also, in the current embodiment, the loca-
tion may be highly precisely estimated while obtaining more
gains in terms of throughput than when the distance is 10 m.

Meanwhile, since the proposed technique, wherein the
location is estimated by converting the ratio of RSS values of
the sample points to an actual distance shows only about 0.2
m improvement than a technique using an average value
(denoted by “3-NN Average™), it may be determined that the
technique of the current embodiment and the 3-NN average
technique have the similar performance. However, as
described above, since the 3-NN average technique uses the
average value of three sample points nearest to the predeter-
mined node, the estimated location of the predetermined node
is always at the center of the three sample points. On the other
hand, according to the proposed technique, the directivity of
the predetermined node may be estimated by improving the
accuracy of the estimated location. Accordingly, the proposed
technique substantially provides the highly precise location
than the 3-NN average technique.

Next, results of comparing channel interference ratios
according to distances between sample points will now be
described. FIG. 8 is a graph of a channel interference ratio
according to distances between sample points, according to
anembodiment of the present invention. Here, performance is
increased as a CIR value is decreased.

Like the MDE performance described above, the channel
interference ratio increases in overall as the distance between
the sample points is increased. Specifically, since a square
region having a size of 25 m” is formed in a simulation
environment, the interference ratio is remarkably increased in
the general technique (denoted by “Conventional”) when the
distance between sample points is 5 m. However, in the tech-
nique proposed in the current embodiment (denoted by “Pro-
posed”), such a phenomenon is not shown since the channel
interference ratio is affected less by an edge of the area.

Also, the channel interference ratio of the proposed tech-
nique of the current embodiment is reduced by about 2 to 9%
than the general technique. Also, about 1% point is improved
in the proposed technique than the technique using an average
value (denoted by “3-NN Average”), since as described
above, the current embodiment approaches the predeter-
mined node with directivity and estimates the location highly
precisely.

Based on such results of simulations, it is determined that
not only the MDE performance and the channel interference
ratio are improved in the technique of the current embodiment
compared to the general technique, but also that the through-
put of the DB is efficiently reduced in the current embodi-
ment, thereby reducing complexity of the system.

As described above, the present invention provides a
region-based frequency interference management technique
using a fingerprinting wireless localization technology for an
efficient M2M communication in an intelligent factory. By
using the frequency interference management technique, an
operator may efficiently manage interference between fre-
quencies required to recognize operation states or environ-
ments of machines in the intelligent factory while warning
and handling dangerous situations via continuous location
estimation.
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Also, it is determined that localization precision of the
proposed technique is improved by about 0.1 to 1.6 m than the
general technique, and the frequency interference ratio of the
proposed technique is also reduced by about 2 to 4% point in
average than the general technique, based on the results of
simulations on the wireless localization algorithms. Specifi-
cally, the localization precision is improved in the proposed
technique by about 0.2 m than the 3-NN average technique,
and since the directivity of the predetermined node is also
estimated in the proposed technique, the throughput may be
efficiently reduced while accurately estimating the location
of the predetermined node.

According to the wireless localization method and the
wireless location apparatus using the fingerprinting tech-
nique of the present invention, a location of a predetermined
node may be accurately estimated by using the wireless local-
ization method, and a frequency may be effectively assigned
based on the estimated location. Also, since a directivity of
the predetermined node may also be estimated by using the
wireless localization method using a ratio of RSS values of a
plurality of sample points, throughput may be reduced while
providing a highly precise location.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:
1. A wireless localization method that performs localiza-
tion by using a plurality of access points at a plurality of
sample points having known physical locations that are
arranged at regular distances from each other, the wireless
localization method comprising:
detecting a first sample point, a second sample point, and a
third sample point from the plurality of sample points
that are most proximate to a predetermined node;

calculating corrected coordinates of the predetermined
node by using a received signal strength (RSS) between
the predetermined node and the first sample point, an
RSS value between the predetermined node and the
second sample point, an RSS value between the first
sample point and second sample point, an RSS value
between the first sample point and third sample point,
and a distance between the plurality of sample points;
and

estimating a location of the predetermined node by reflect-

ing the corrected coordinates in relation to the coordi-
nates of the first sample point,

wherein the calculating of the corrected coordinates com-

prises:

estimating an RSS, value and an RSS valuerespectively
corresponding to location difference values of the
predetermined node in an x-axis and a y-axis with
respect to a location of the first sample point, by using
the RSS value between the predetermined node and
the first sample point, the RSS value between the
predetermined node and the second sample point, and
the RSS value between the first and second sample
points; and

calculating an x-axis corrected coordinate X by reflect-
ing the distance between the plurality of sample
points to a ratio of the RSS, value to the RSS value
between the first and second sample points, and cal-
culating a y-axis corrected coordinate § by reflecting
the distance between the plurality of sample points to
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aratio of the RSS value to the RSS value between the
first and third sample points,

wherein the estimated RSS, and RSS, values are further
defined according to equations below:

RSSE, + RSSE, — RSSE,

RSS, =
* 2RSScp

and

RSS, = \/ RSS3, — RSSZ ,

wherein RSS -, denotes the RSS value between the first
and second sample points, RSS,,, denotes the RSS
value between the predetermined node and the first
sample point, and RSS.,, denotes the RSS value
between the predetermined node and the second
sample point.

2. The wireless localization method of claim 1, further
comprising assigning a frequency corresponding to the esti-
mated location with respect to the predetermined node.

3. The wireless localization method of claim 1, wherein the
x-axis corrected coordinates x and the y-axis corrected coor-
dinates ¥ are calculated according to equations below:

RSS,
RSScp

RSS,

o T RSSpp

wherein RSS;,, denotes the RSS value between the first
and third sample points and d denotes the distance
between the plurality of sample points.
4. The wireless localization method of claim 3, wherein the
location of the predetermined node is estimated according to
an equation below:

U=D(xp, yp)=(%.9)

wherein U denotes the estimated location of the predeter-
mined node, D(x,,,y,) denotes a location of the first
sample point, and * is individually applied as + or — with
respect to the x-axis corrected coordinate X and the
y-axis corrected coordinate §, according to a relative
location of the predetermined node with respect to the
first through third sample points.

5. The wireless localization method of claim 1, wherein the

method uses a fingerprinting technique.

6. The wireless localization method of claim 1, wherein the
first sample point, the second sample point, and the third
sample point are detected in an order based on proximity to
the predetermined node.

7. A wireless localization apparatus that performs localiza-
tion by using a plurality of access points at a plurality of
sample points having known physical locations that are
arranged at regular distances from each other, the wireless
localization apparatus comprising:

at least one processor;

a sample point detector for detecting a first sample point, a
second sample point, and a third sample point from the
plurality of sample points that are most proximate to a
predetermined node using the at least one processor;

a corrected coordinate calculator for calculating corrected
coordinates of the predetermined node by using a
received signal strength (RSS) between the predeter-
mined node and the first sample point, an RSS value
between the predetermined node and the second sample
point, an RSS value between the first sample point and
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third sample point, and a distance between the plurality
of sample points using the at least one processor; and

a location estimator for estimating a location of the prede-
termined node by reflecting the corrected coordinates on
coordinates of the first sample point using the at least one
processot,

wherein the corrected coordinate calculator estimates an
RSShd x value and an RSS value respectively corre-
sponding to location difference values of the predeter-
mined node in an x-axis and a y-axis with respect to a
location of the first sample point, by using the RSS value
between the predetermined node and the first sample
point, the RSS value between the predetermined node
and the second sample point, and the RSS value between
the first and second sample points, and then calculates an
x-axis corrected coordinate X by reflecting the distance
between the plurality of sample points to a ratio of the
RSS, value to the RSS value between the first and second
sample points, and calculating a y-axis corrected coor-
dinate ¥ by reflecting the distance between the plurality
of sample points to a ratio of the RSS,, value to the RSS
value between the first and third sample points, and

wherein the estimated RSS, and RSS,, values are defined
according to equations below:

RSSE, + RSSE, — RSSEy,

RSS, =
* 2RSScp

and

RSS, =~/ RSSB, — RSSZ ,

wherein RSS.,, denotes the RSS value between the first
and second sample points, RSS,,,, denotes the RSS
value between the predetermined node and the first
sample point, and RSS.,, denotes the RSS wvalue
between the predetermined node and the second sample
point.

8. The wireless localization apparatus of claim 7, further
comprising a frequency assigner for assigning a frequency
corresponding to the estimated location with respect to the
predetermined node using the at least one processor.

9. The wireless localization apparatus of claim 7, wherein
the x-axis corrected coordinates X and the y-axis corrected
coordinates ¥ are calculated according to equations below:

RSS,

= RSSgp

RSS,

i= ,
RSSen

wherein RSS;,, denotes the RSS value between the first
and third sample points and d denotes the distance
between the plurality of sample points.
10. The wireless localization apparatus of claim 9, wherein
the location of the predetermined node is estimated according
to an equation below:

U=D(xpyp)=(£,5)

wherein U denotes the estimated location of the predeter-
mined node, D(X,,,y,) denotes a location of the first
sample point, and = is individually applied as + or — with
respect to the x-axis corrected coordinate X and the
y-axis corrected coordinate ¥, according to a relative
location of the predetermined node with respect to the
first through third sample points.
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11. The wireless localization apparatus of claim 7, wherein
the apparatus uses a fingerprinting technique.
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